The enthalpy of formation of Li 2 MnO 3 was measured by high temperature oxide solution calorimetry in a sodium molybdate solvent and the heat capacity of the compound was determined using differential scanning calorimetry. The enthalpy of formation of Li 2 MnO 3 from the elements is slightly less exothermic than that of the orthorhombic and monoclinic modifications of LiMnO 2 but more exothermic than that of LiNiO 2 , LiCoO 2 , the LiNi 1¹x Co x O 2 solid solutions and the Li 1+x Mn 2¹x O 4 spinels. The heat capacity of Li 2 MnO 3 is also slightly lower than the estimated heat capacity based on stoichiometric amounts of Li 2 O and MnO 2 according to the Neumann-Kopp approximation. The slight differences in heat capacities are attributed to the differences in the bonding environments of Li + ions in Li 2 MnO 3 and the constituent binary oxide Li 2 O. The thermochemical data presented here are essential for the advanced thermodynamic modeling of multicomponent electrode materials based on the promising xLi 2 MnO 3 ·(1 ¹ x)LiMO 2 nano-composite cathode system.
Introduction
Although Li 2 MnO 3 was once considered an electrochemically inactive material, it is attracting increased attention as a stabilizing component in nanocomposite positive electrodes for lithium-ion batteries. The crystal structure of Li 2 MnO 3 , which was first determined by Strobel and Lambert-Andron 1) using single crystal X-ray diffraction, is monoclinic (spacegroup C2/ m) with a repeatable stacking sequence consisting of a lithium layer, an oxygen layer, a transition metal/lithium layer, and an oxygen layer.
2) One third of the sites in the mixed metal layer are occupied by lithium ions, and each Li + ion is surrounded by six Mn 4+ ions in an ordered hexagonal arrangement. The average oxidation state of the cations in the mixed metal layer is +3, corresponding to a 1:2 ratio of Li + to Mn 4+ . Due to the occupation of the mixed metal layer, Li 2 MnO 3 can also be expressed as Li[Li 1/3 Mn 2/3 ]O 2 . The crystal structure information for Li 2 MnO 3 including Wykoff positions taken from Strobel and Lambert-Amdron 1) are given in the appendix. Li 2 MnO 3 was first considered electrochemically inactive because oxidation of the Mn 4+ cation to the higher +5 oxidation state during lithium extraction in the first charge cycle is unlikely.
3) However, recent studies have shown that Li 2 MnO 3 can be electrochemically activated at approximately 4.5 V against lithium. Yu et al. 4) suggested a mechanism for first charging characterized by: (1) removal of approximately 1 mole of Li ions per Li[Li 1/3 Mn 2/3 ]O 2 formula unit by the simultaneous extraction of Li from the Li and the mixed metal cation layers, respectively (2) retention of the +4 oxidation state of Mn, and (3) charge compensation through loss of oxygen as O 2 gas, Li 2 O, or reaction with the electrolyte. On cycling, however, a gradual transformation of the monoclinic structure to the cubic spinel structure takes place. Additionally, Yu et al, 4) showed that a reduction in particle size and an increase in stacking faults, which occur with decreasing Li 2 MnO 3 synthesis temperature, can result in lower charge potentials and increased charge capacities.
The new interest in Li 2 MnO 3 , however, has largely been spurred by the work of Thackeray et al., 5) in which the use of tetravalent manganese-rich layered oxides as cathode materials for lithium ion batteries was proposed. These compounds exhibit charge capacities in excess of 200 mAhg ¹1 when operated in high voltage regions up to 4.5 V against lithium. 5) The chemical composition of these oxides can be expressed as Li 1+x (Mn 1¹y -M y ) 1¹x O 2 , where 0 < x < 1/3, 0 < y <1/2 and M is a single transition metal ion or a mixture of transition metal ions, usually Co, Ni, and Mn. Using this notation, the Li 2 MnO 3 end member is formed when x = 1/3 and y = 0. To understand the stabilizing effect of Li 2 MnO 3 during electrochemical cycling, however, it is better to express these electrode compositions as xLi 2 MnO 3 · (1 ¹ x)LiMO 2 . This nomenclature is in agreement with the results of powder XRD, transmission electron microscopy and nuclear magnetic resonance spectroscopy investigations which conclude the presence of composite structures in the electrode materials consisting of nano regions of Li 2 MnO 3 and LiMO 2 respectively. 6) Charging mechanisms for Li [ 7) They confirmed the evolution of oxygen gas at potentials above 4.5 V against Li by in situ differential electrochemical mass spectrometry. This oxygen evolution is accompanied by the electrochemical removal of lithium ions in a 2:1 ratio of Li to O.
Additional Li
+ ions migrate from the mixed metal layer to the vacant sites in the lithium layer, leaving behind vacancies in the mixed metal layer. A cooperative displacement of the transition metal ions from the surface into the bulk then occurs, yielding MO 2 regions in which the octahedral sites are almost fully occupied by transition metal ions. 7) Shi et al. 8) at approximately 4.5 V. In this way, they could confirm the occurrence of significant structural changes due to lithium ion removal and simultaneous evolution of oxygen during the activation of Li 2 MnO 3 . At the end of charging, further entropy changes were observed, which they associated with the diffusion of the transition metal ion from the mixed metal layer into the lithium ion layer. During discharge, the large entropy changes observed were attributed to the introduction of lithium ions into the vacancies in the lithium layer. 12) Furthermore, data on the specific heat capacity of Li 2 MnO 3 is necessary to be able to design battery thermal management systems for these new cathode chemistries. Therefore, in this work, the enthalpy of formation of Li 2 MnO 3 was determined using high temperature oxide melt drop solution calorimetry and the heat capacity of Li 2 MnO 3 was measured using differential scanning calorimetry for the first time.
Experimental

Synthesis
Many of the experimental methods used here are similar to those performed in our previous works. 13 ),14) Li 2 MnO 3 was prepared by means of the solgel method using Li-acetate, Mnacetate and adipic acid. The origin and purities of the starting chemicals are listed in Table 1 . First, the required amounts of Liacetate, Mn-acetate, and adipic acid were dissolved separately in distilled water. The molar ratio of Li-acetate to Mn-acetate was selected as 2 to 1, in accordance with the chemical stoichiometry of Li 2 MnO 3 . Therefore, no excess Li was added to account for potential lithium losses during heat-treatment since the exact amount of Li loss is unknown and depends on the specific heat treatment conditions such as heat treatment temperature, atmosphere, and time. The three solutions were mixed together to give a 1:1 ratio of total metal ions to adipic acid, and ammonium hydroxide was added to attain a pH value of 6.5. The resulting solution was heated at 80°C and stirred continuously until a gel was formed. The gel was dried for 48 h in a drying oven at 120°C and then ground to a fine powder, placed in an alumina crucible and pre-calcinated at 350°C for 5 h in a furnace in air using a heating rate of 3°C/min from room temperature. The precursor powders were furnace cooled after the first heat treatment, ground, and heat treated a second time in air for 24 h at a final heat treatment temperature determined from the simultaneous thermal analysis of the pre-calcinated powder. At the end of the heat treatment, the samples were quenched in air by taking them out of the hot oven and placing the crucibles on a metal plate located next to the oven.
Characterization
The compositions of the samples after the pre-calcination at 350°C and after the heat treatment at the final heat treatment temperature, respectively, were measured using Inductively Coupled Plasma with Optical Emission Spectroscopy (ICP-OES). 5 mg samples (weighing accuracy « 0.002 mg) were dissolved into 3 ml hydrochloric acid at 80°C, and a constant amount of an yttrium and sodium solution was added to serve as an internal standard for the manganese and lithium measurements, respectively. The rest solution was made up with de-ionised water up to a volume of 500 ml. An OPTIMA 4300 DV from Perkin Elemer with an echelle spectrometer equipped with segmented-array charge-coupled detector was used for the ICP-OES measurements, which allows detection of the emission lines for the analytic solution and internal standard simultaneously. Small amounts of the powder samples (approx. 50 mg) were further ground in a Duritμ-mortar, and the obtained very fine grained powder was fixed by petroleum jelly on a silicon monocrystal sample holder for powder XRD measurements. All XRD measurements were performed using a Bruker D8 diffractometer (©/2©-geometry) with a copper radiation source (40 kV/40 mA) and a Ni-filter. Signals were detected by a strip detector covering «1.5°in 2© at the same time. The obtained patterns were evaluated using Topas4μ software based on Rietveldrefinements.
Differential thermal analysis was performed using a Setaram TAG high performance symmetrical system (Setaram Instrumentation, Caluire, France) on samples weighing approximately 20 mg which were pressed using a 3 mm diameter die. The Li 2 MnO 3 sample which was first heat treated at 350°C was cycled three times successively between 150 and 1000°C with a heating rate of 10°C/min in an Ar/20 volume % O 2 gas mixture (origin and purity in Table 1 ). After first heating up to 1000°C and cooling to 200°C, the sample was cycled two additional times from 200 to 1000°C. The temperature for the final heat treatment (800°C) was determined based on the simultaneous thermal analysis results.
High temperature oxide melt solution calorimetry
High temperature oxide melt drop solution calorimetry was performed using an Alexsys-1000 Tian-Calvet calorimeter (Setaram Instrumentation, Caluire, France). The AlexSys-1000 is a commercial Tian-Calvet calorimeter constructed according to the specifications of the custom-built calorimeters as detailed in Navrotsky.
15),16) Both sides of the twin calorimeter were calibrated independently using 1.5 mm diameter sapphire spheres (approximately 7 mg in mass) which were dropped from room temperature into the empty platinum crucibles in the calorimeter at 701°C. For the drop solution calorimetry measurements, samples with a mass of 56 mg were pressed into 3 mm pellets and dropped from room temperature into the molten sodium molybdate solution at 701°C. The sodium molybdate solution with composition 3Na 2 O·4MoO 3 was prepared by thoroughly mixing appropriate amounts of sodium molybdate dihydrate (Na 2 MoO 4 ·2H 2 O) and molybdenum (IV) oxide so that the final molar ratio between Na 2 O and MoO 3 is 3:4. The origin and purities of sodium molybdate dihydrate and molybdenum (IV) oxide are given in Table 1 . Ar gas with a flow rate of 50 ml/min was used as a flushing gas to maintain a constant environment above the sodium molybdate solution in the calorimeter and Ar gas with a flow rate of 5 ml/min was bubbled continuously into the solution to enable stirring and to prevent local solvent saturation. The bubbling rate was chosen to ensure adequate stirring of the viscous sodium molybdate solvent with minimum disruption of the baseline. The origin and purity of the Ar gas is given in Table 1 . Drops were performed every 2 h once the heat flow signal returned to its initial value, which occurred approximately 45 min after the drop.
Heat capacity measurements using the step method
The heat capacity of Li 2 MnO 3 was measured on three calorimeters: the Setaram MHTC 96, the Setaram C80, and the Setaram SenSys. All calorimeters are of the Tian-Calvet type in which the reference and sample chambers are surrounded by numerous thermocouple junctions arranged in series to form the reference and sample thermopiles, respectively. The thermocouple junctions in the thermopiles serve as heat conduction paths between the reference and sample chambers and the surrounding calorimeter block. Since the reference and sample thermopiles are connected in opposition to each other, the difference between these two signals is the output of the measurements. In all devices, the calorimeter block is heated by resistance heaters to the programmed set-point temperatures with defined heating rates.
The step method was used to measure the heat capacity of Li 2 MnO 3 on the three calorimeters. In the step method, the temperature of the calorimeter block is increased incrementally so that heat energy flows from the calorimeter block to the reference and sample chambers, respectively. The difference in the heat flow rate from the calorimeter block to the sample and reference chambers is directly proportional to the temperature difference ¦T(t) between the calorimeter block and the sample and reference chambers. This temperature difference is, in turn, proportional to the "electromotive force (EMF)" signal ;ðtÞ measured by the two thermopiles connected in opposition. Due to the thermal resistance and time constant of the calorimeter, a peak in the EMF signal is recorded as a function of time for each heating event. The area under the peak, A = R tEnd tStart ;ðtÞdt is proportional to the total heat exchange ¦H between the calorimeter block and the sample chamber, and the proportionality constant K ¼ Â R tEnd tStart ;ðtÞdt Ã =ÁH has to be determined for each step by measuring a standard material in the sample chamber under the same conditions. In all step measurements, an isothermal stage is firstly applied to obtain a constant heat flow rate signal from the thermopiles. Secondly, a controlled heating process with a defined heating rate is applied to increase the temperature of the measurement and reference cells by a given amount (temperature step). Finally a second isothermal stage is applied which is long enough to ensure the re-establishment of a constant heat-flow signal from the thermopiles after the temperature step. The end isothermal stage of the (n-1) th step is simultaneously the starting isothermal stage of the n th step, and the difference between the start and end temperatures is the temperature increment.
A minimum of three measurements are required for the heat capacity determination using the step method. In the first measurement, only the empty crucibles with lids are inserted into the reference and sample cells of the calorimeter respectively and subjected to the defined temperature program (zero measurement). In the second measurement, a standard material is inserted into the sample crucible (calibration measurement), and in the third measurement, the standard material is removed and replaced by Li 2 MnO 3 (sample measurement). The heat capacity of the sample material can be calculated using the formula:
where n Cal and n S are the number of moles of the calibration and sample materials, and A 0 , A Cal , and A S are the integrated peak areas of the zero, calibration and sample measurements, respectively. H m,Cal,Tst is the molar enthalpy of the calibration substance at the start temperature and H m,Cal,Tst is the molar enthalpy of the calibration substance at the end temperature of the step. The temperature T to which the measured heat capacity of the sample is assigned is taken as average of T st and T end . For the evaluation of the peak areas, the starting and end times were chosen manually and kept the same for the zero, reference, and sample measurements. For the measurements on the Setaram MHTC96, self-made Ta crucibles with an outer diameter of 6.7 mm, a height of 21 mm, and a wall thickness of 0.4 mm were used. The Ta crucibles were covered with Ta lids of the same diameter which were made by deep drawing. The measurements on the C80 were performed in Al 2 O 3 crucibles with an outer diameter of 7 mm, a height of 22 mm, and a wall thickness of 0.5 mm which were purchased from Setaram. The lids of these crucibles were also made out of Al 2 O 3 with a diameter of 7 mm and a height of 1 mm. Finally, Al 2 O 3 crucibles with a length of 10 mm, a diameter of 6.9 mm and a wall thickness of 0.4 mm were used for the measurements on the SenSys. All heat capacity measurements were performed on several pellets of Li 2 MnO 3 which were carefully placed into the respective crucibles. The pellets were made by pressing Li 2 MnO 3 powder using a die with a diameter of 5 mm and a press force of 1 kN. The pressed pellets were subsequently heat treated for 15 h at 800°C in air to promote densification. The parameters for all measurements including temperature range, step size, sample mass, and atmosphere for each calorimeter are given in Table 2 .
For the sapphire calibration measurements, NIST synthetic sapphire (standard reference material 720) was used.
Results
Synthesis, thermal stability, and XRD of Li 2 MnO 3
Thermogravimetric analysis performed in an Ar/20 volume% O 2 atmosphere on the Li 2 MnO 3 sample pre-calcinated at 350°C shows that a mass loss of approximately 4.2% on the first heating cycle from room temperature up to 1000°C takes place but no significant mass changes occur on subsequent heating and cooling (Fig. 1) . This mass loss could be due to the combustion of residual organics which were not completely removed during pre-calcination at 350°C. Similar mass losses during first heating of self-prepared Li 2 MnO 3 were also observed in the work of Boulineau et al. 11) and attributed to adsorbed water. The heat flow signals for the last two cycles in Fig. 2 show that no phase transformations take place on subsequent cycling. This is in agreement with the phase diagram of Paulsen and Dahn in air, 17) in which Li 2 MnO 3 is shown as a stable stoichiometric compound up to at least 1000°C. Taking this result into account, a final heat treatment at 800°C in air for 24 h was performed to stabilize the Li 2 MnO 3 phase. a) The number following the « symbol is the expanded uncertainty U, calculated as U=ku for the measured data and U = ku c for the calculated stoichiometries, where u and u c are the standard and combined uncertainties respectively. A coverage factor k = 2 was used, corresponding to a confidence interval of 95 percent.
The nominal and measured compositions of the Li 2 MnO 3 samples heated at 350°C for 5 h in air and at 800°C for 24 h in air, respectively, are given in Table 3 . As can be seen, the measured molar ratios of Li to Mn are 1.974 « 0.028 and 1.975 « 0.014 after the heat treatments at 350 and 800°C respectively. These values indicate that although slight Li losses may have taken place during the heat treatments, these losses are minimal and within the expanded uncertainties of the composition determination using the ICP-OES method. Therefore, the nominal stoichiometry of Li 2 MnO 3 with a Li to Mn molar ratio of 2 to 1 will be used for the rest of the manuscript.
Powders of the Li 2 MnO 3 samples pre-calcinated at 350 and 800°C and then quenched to room temperature were then investigated using XRD. As it can be seen in Fig. 3 , there is no significant difference in the diffraction pattern of the two samples. Thus, a phase transformation in Li 2 MnO 3 between the two annealing temperatures does not seem to occur. The results of the structure refinements for both samples are given in Table 4 . Figure 4 shows as an example of the refined diffraction pattern of the sample annealed at 800°C. It has to be mentioned that essentially two different structures for Li 2 MnO 3 are reported in literature. Jansen and Hoppe 18) as well as Riou et al. 19) found a monoclinic cell, spacegroup C2/c, Pearson Symbol mC8, with a ³ 4.92 ¡, b ³ 8.53 ¡, c ³ 9.61 ¡ and ¢ ³ 99.5°. In contrast, Strobel and Lambert-Andron 1) found a smaller monoclinic cell, spacegroup C2/m, Pearson Symbol mC4, with a = 4.937 ¡, b = 8.532 ¡, c ³ 5.030 ¡ and ¢ ³ 109.5 ¡. Several other authors confirmed the latter structure description. Boulineau et al. 20) performed extensive investigations by means of XRD, electron diffraction and high resolution TEM studies in order to clarify these structural discrepancies. They confirmed the smaller cell first published by Strobel and Lambert-Andron 1) however, with a mixed occupation of Li and Mn in addition to the pure Li-layers. Finally, this model was used for our structure refinements. there are non-statistical stacking faults along the c-axis which lead to diffuse diffraction peaks in certain crystallographic directions. The amount of these microstructural faults decreases with increasing annealing temperature but never disappears completely. Diffuse diffraction peaks could be observed as well in our 
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samples shown by the insert in Fig. 4 . In our diffraction patterns atomic positions, individual dislocation factors and site occupations were not refined since this leads to a reduction in the intensities of the diffuse peaks but does not make sense in terms of crystallography according to the structural features described above.
Enthalpy of formation of Li 2 MnO 3
The enthalpy of drop solution of Li 2 MnO 3 in a sodium molybdate solvent at 701°C is Á ds H Li2MnO3 = 180.57 « 1.02 kJ/mol. This result is based on 10 measurements of the compound, where the measured heat effects were in the range of 510 J per drop. 14) was used, and the enthalpy increment of O 2 gas from room temperature to 701°C (21.8 kJ/mol) was calculated using the SGTE descriptions for the pure elements.
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where Á f H Li2O , Á f H MnO2 and Á f H Mn2O3 are the standard enthalpies of formation of Li 2 O, MnO 2 , and Mn 2 O 3 from the elements, respectively. The standard enthalpies of formation of the constituent binary oxides from the thermochemical data compilations of NIST-JANAF, 24) Glushko et al., 25) and Robie and Hemingway 26) are given in Table 5 . Both Glushko et al. 25) and Robie and Hemingway 26) have data for all constituent oxides, whereas the NIST-JANAF 24) compilations only have data for Li 2 O. Therefore, the enthalpy of formation of Li 2 MnO 3 from the elements according to cycles I and II were calculated using the data from Glushko et al. 25) and Robie and Hemingway 26) to be able to compare the final results with each other.
The enthalpy of formation of Li 2 MnO 3 from the elements according to cycles I and II and using the standard enthalpy of formation data for the binary oxides from Glushko et al. 25) is ¹1263.70 « 2.77 and ¹1261.88 « 3.07 kJ/mol, respectively. Similarly, the enthalpy of formation of Li 2 MnO 3 from the elements according to cycles I and II calculated using the standard enthalpy of formation data from Robie and Hemingway 26) is ¹1262.6 « 3.4 and ¹1262.9 « 3.7 kJ/mol, respectively. The enthalpies of formation of Li 2 MnO 3 from the elements do not depend on the thermochemical cycle when the data from Robie and Hemingway 26) are used for the calculations. However, the thermochemical data of Glushko result in a difference of approximately 2 kJ/mol, which is within the uncertainty of the measurements. The slight differences in enthalpy of formation of Li 2 MnO 3 are a result of the enthalpy of formation data of MnO 2 and Mn 2 O 3 . To illustrate this point, the enthalpy of reaction of Mn 2 O 3 and O 2 to MnO 2 was calculated from the thermochemical data of Glushko et al. 25) and Robie and Hemingway, 26) as well as from enthalpy of drop solution experiments. This is expressed as:
According to the thermochemical data of Glushko 25) and Robie and Hemingway, 26) the enthalpy of reaction of formation of MnO 2 from Mn 2 O 3 and O 2 is ¹42.635 « 1.182 and ¹40.5 « 1.2 kJ/mol, respectively. The enthalpy of reaction associated with the formation of MnO 2 from Mn 2 O 3 and O 2 calculated using the enthalpy of drop solution of MnO 2 from Wang and Navrotsky 22) and that of Mn 2 O 3 from our previous work 14) is ¹40.81 « 1.85 kJ/mol. Therefore, the data of Robie and Hemingway 26) appears to be more reliable for calculating the enthalpy of formation of Li 2 MnO 3 from the elements.
Heat capacity of Li 2 MnO 3
The measured heat capacity data for Li 2 MnO 3 is presented in Table 6 and shown graphically in Fig. 6 . To be able to estimate the uncertainty in the heat capacity measurements of Li 2 MnO 3 , the heat capacity of sapphire was additionally measured on all calorimeters using the same measurement parameters as those for the Li 2 MnO 3 samples. In all cases, the thermal mass of sapphire was selected to be similar to the thermal mass of Li 2 MnO 3 used for each measurement on each device. The standard uncertainty u for the heat capacity measurements on each device was estimated as the standard deviation in the difference between the measured and literature values for the heat capacity of sapphire for all temperature steps in a single measurement. The expanded uncertainties U reported in Table 6 were calculated as U = ku where a coverage factor k = 2 was used, corresponding to a confidence interval of 95%.
The heat capacity data from all calorimeters were fit to the Maier-Kelley function 28) using a least squares regression method (Fig. 7) . The analytical description of the heat capacity of Li 2 MnO 3 is:
where a, b, and c are the parameters of the Maier-Kelley polynomial and T is the temperature in K. The values of the coefficients are given in Table 7 along with the coefficient of determination (R 2 ) of the least squares regression fit. The R 2 value of 0.97 is acceptable, taking into account that the Li 2 MnO 3 samples were measured on three different calorimeters using different measurement parameters and at different times. Therefore, the analytical description of the heat capacity of Li 2 MnO 3 presented here is expected to be reliable.
The estimated heat capacity of Li 2 MnO 3 calculated using the Neumann-Kopp approximation:
is also shown on Fig. 7 as a dashed line. The estimated heat capacity of Li 2 MnO 3 from 300 to 700 K was determined using the heat capacities of Li 2 O and MnO 2 as calculated using the thermodynamic descriptions of the LiO 29) and MnO 30) systems, respectively. The heat capacity of Li 2 MnO 3 estimated using the Neumann-Kopp approximation is always slightly higher than the measured heat capacity, with a difference of 1.1% at 333 K and 3.7% at 673 K.
Discussion
The standard enthalpies of formation from the elements of Li 2 MnO 3 , LiMnO 2 , 22) Li 1+x Mn 2¹x O 4 spinels 27) as well as those for LiCoO 2 , LiNiO 2 , and the LiNi 1¹x Co x O 2 solid solutions 12) per one mole of total atoms are presented in Fig. 8(a) whereas the same data for the enthalpies of formation from the constituent binary oxides are shown in Fig. 8(b) . Additionally, thermochemical data for selected LiMnO compounds are presented in Table 8 . According to Fig. 8(a) When the enthalpies of formation of the compounds are considered with respect to the constituent oxides per one mole . This is in accordance with the work of Wenger and Armbruster, who show that the mean bond length of LiO 4 tetrahedra analyzed from bond length data of 95 compounds is 0.196 nm. 32) In rutile type MnO 2, MnO 6 octahedra share edges along the [001] direction to form chains, and each chain is connected to four neighboring chains by shared corners.
33) The MnO 6 octahedra are slightly distorted so that the apical MnO bond length is 0.18795 nm whereas the equatorial MnO bond length is 0.18981 nm.
33) The Wykoff positions for Li 2 O 34) and rutile-type MnO 2 33) are given in the appendix. In the crystal structure of Li 2 MnO 3 , both LiO 6 and MnO 6 coordination octahedra are located within an array of cubic close packed oxygen anions. The MnO 6 octahedra are only slightly distorted with an apical MnO bond length of 0.1919 nm and an equatorial MnO bond length is 0.19038 nm. 1) Similarly, the LiO 6 octahedra associated with the Li + ions in the mixed transition metal layer are also only slightly distorted: the apical LiO bond length is 0.20698 nm whereas the equatorial LiO bond length is 0.20536 nm.
1) However, the octahedra which surround the Li + ions in the Li-only layer are severely distorted. For example, the apical and 
Conclusion
In this work, the enthalpy of formation of Li 2 MnO 3 was measured using high temperature oxide solution calorimetry and the heat capacity was determined using differential scanning calorimetry. The enthalpy of formation data from the elements confirm that additions of Li 2 MnO 3 to LiMO 2 increase the stability of of xLi 2 MnO 3 ·(1 ¹ x)LiMO 2 electrode materials. Additionally, the heat capacity of Li 2 MnO 3 is slightly lower than the NeumannKopp estimated heat capacity based on stoichiometric amounts of Li 2 O and MnO 2 . The slight differences are attributed to different bonding environments of Li + in Li 2 MnO 3 (LiO 6 octahedra) compared to Li 2 O (LiO 4 tetrahedra). The thermochemical data presented here are essential for the advanced thermodynamic modeling of the multicomponent LiMnO system using the CALPHAD method and can be combined with data from electrochemical testing to make clear statements on the cycling stabilities of electrode materials. 
